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We investigate the production, signatures and backgrounds of a pair of heavy-exotic charged
leptons and a heavy-exotic neutrino together with the exotic charged lepton in the framework of the
vector singlet model, vector doublet model, and fermion-mirror-fermion model, at the CERN Large
Hadron Collider (LHC). We still show that the cross-sections for the case of the production of a pair
of heavy exotic leptons are competitive with the ones for the single production of exotic leptons.
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The standard electroweak theory (SM) provides a very satisfactory description of most elementary particle phe-
nomena up to the presently available energies. However, the SM has many problems: the spectrum of elementary
fermions, no unifications of the forces, CP violation and the existence of many parameters. Concerning the first
problem, there is no theoretical explanation for the existence of several generations and for the values of the masses.
It was established at the CERN e+e− collider LEP that the number of light neutrinos is three [1]. However, this
result does not rule out the possibility that additional generations exist in which the masses of both the neutrino and
the charged lepton exceed half of the mass of the Z0 [2].
Many models, such as composite models [3,4], grand unified theories [5], technicolor models [6], superstring-inspired
models [7], mirror fermions [8], predict the existence of new particles with masses around the scale of 1 TeV and they
consider the possible existence of new generations of fermions.
In this work, we shall consider the possibility of existence of a new generation of leptons and analyze the production
of a pair of exotic heavy leptons and a exotic heavy neutrino together with the exotic lepton, through the Drell-Yan
mechanism at the large hadron collider LHC (
√
s = 14 TeV). We also present here another form to produce these
leptons, namely through the reactions pp → γγ → L−L+ and pp → Zγ → L−L+, moreover we show that the
production of a pair of exotic leptons is dominant over the single heavy lepton production [9], that is so, due to the
vector component of the Z-boson coupling to exotic leptons and to the exchange of a photon in the s channel (which
does not appear in the case for the single heavy lepton production), although the phase space is more reduced for
pair production than for single heavy lepton production.
The three models that we consider here include new fermionic degrees of freedom, which naturally introduce a
number of unknown mixing angles and fermionic masses [10]. These models are: the vector singlet model (VSM) [11],
vector doublet model (VDM) [12] and the fermion-mirror-fermion model (FMFM) [8].
Exotic leptons mixed with the standard leptons interact through the standard weak vector bosons W+,W− and
Z0, according to the interacting Lagrangians
LNC = g
4cosθW
[
F¯iγ
µ(gijV − gijAγ5)Fj + F¯iγµ(gijV − gijAγ5)fj
]
Zµ (1)
and
LCC = g
2
√
2
L¯0γµ(CNLV − CNLA γ5)EWµ, (2)
where gijV and g
ij
A are the corresponding neutral vector-axial coupling constants, which are given in [13,9], and C
NL
V
and CNLA are the charged vector-axial coupling constants, given in Table I for each of the three models that we study
here.
TABLE I. Coupling constants for a charged heavy fermion interaction: for the VSM, the VDM and the FMFM:
Cou. VSM VDM FMFM
CNLV sin θ
ν
L sin θ
e
L cos(θ
ν
L − θeL)− cos θνR cos θeR sin θνL sin θeL + cos θνR cos θeR
CNLA sin θ
ν
L sin θ
e
L cos(θ
ν
L − θeL) + cos θνR cos θeR sin θνL sin θeL − cos θνR cos θeR
We consider here that all mixing angles have the same value θi = 0.1, although phenomenological analysis [14] gives
an upper bound of sin2θi ≤ 0.03. This means that the value of θi can be scaled up to 0.173.
We begin our study with the mechanism of the Drell-Yan production of a pair of exotic charged leptons, that is we
study the process pp→ qq¯ → L−L+. It takes place through the exchange of a Z0 and γ bosons in the s channel.
Using the interaction Lagrangians, Eqs. (1) and (2), we evaluate the cross section for the process qq¯ → L−L+,
obtaining:
(
dσˆ
d cos θ
)
L+L−
=
βα2π
s2
[
e2q
s
(2sM2L + (M
2
L − t)2 + (M2L − u)2)
+
eq
2 sin2 θW cos2 θW (s−M2Z)
(2sM2Lg
LL
V g
q
V
+gLLV g
q
V ((M
2
L − t)2 + (M2L − u)2) + gLLA gqA((M2L − u)2 − (M2L − t)2)
]
2
+
βπα2
16s cos4 θW sin
4 θW
1
(s−M2Z)2
[
(gLL
2
V + g
LL2
A )(g
q2
V + g
q2
A )((M
2
L − u)2
+(M2L − t)2) + 2(gLL
2
V − gLL
2
A )(g
q2
V + g
q2
A )sM
2
L
+4gLLV g
LL
A g
q
V g
q
A((M
2
L − u)2 − (M2L − t)2)
)]
, (3)
where βL =
√
1− 4M2L/s is the velocity of the exotic-fermion in the c.m. of the process, MZ is the mass of the Z
boson,
√
s is the center of mass energy of the qq¯ system, t = M2L− s2 (1− β cos θ) and u = M2L− s2 (1+ β cos θ), where
θ is the angle between the exotic lepton and the incident quark, in the c.m. frame.
The total cross section for the process pp→ qq → L−L+ is related to the subprocess qq → L−L+ total cross section
σˆ, through
σ(s) =
∫ 1
τmin
∫ − ln√ τmin
ln
√
τmin
dτ dy q(
√
τey, Q2) q(
√
τe−y, Q2) σˆ(τ, sˆ) , (4)
where τ = sˆs (τmin =
4M2L
s ), with s being the center-of mass energy of the pp system and q(x,Q
2) is the quark structure
function [15].
Another way to produce a pair of heavy exotic leptons is through the elastic reaction of the type pp→ γγ → L−L+,
the inelastic pp → qq¯ → γγ → L−L+ and the semielastic pp → Zγ → L−L+ ones. The three processes take place
through the exchange of the exotic lepton in the t and u channels. We will have, for the subprocess for the case of
the elastic reaction, the following expression(
dσˆ
d cos θ
)
=
βα2π
s
[ 1
(t−M2L)2
(−M4L − 3M2Lt−M2Lu+ tu)
+
1
(u−M2L)2
(−M4L −M2Lt− 3M2Lu+ tu)
+
2
(t−M2L)(u −M2L)
(−2M4L −M2Lt−M2Lu)
]
, (5)
where ML is the mass of the exotic lepton and the other parameters are the same as above. For the subprocess for
the case of the semielastic reaction we also have the same expression as [16]. The pair production cross section is then
obtained by folding σˆel,inel,semi with the γ (fγ/p, fγ/q) and Z (fZ/q) distributions in the proton and quark, so that for
the elastic production we have
σel(s) =
∫ 1
τmin
dτ
∫ xmax
τ/xmax
dx1
x1
fγ/p(x1) fγ/p(τ/x1)
∫ +1
−1
dσˆ
dcosθ
dcosθ(sˆ).
for the inelastic case we obtain
σinel(s) =
∫ 1
τmin
dτ
∫ xmax
τ/xmax
dx1
x1
∫ 1
x1
dx3
x3
fγ/q(x3) fqi/p
(
x1
x3
)
∫ 1
τ/x1
fγ/q(x5)
dx5
x5
fqj/p
(
τ
x1x5
)∫ +1
−1
dσˆ
dcosθ
dcosθ(sˆ),
and for the semielastic we have
σsemi(s) =
∫ 1
τmin
dτ
∫ xmax
τ/xmax
dx1
x1
fγ/p
(
τ
x1
)∫ 1
x1
dx3
x3
fZ/q(x3) fq/p
(
x1
x3
)∫ +1
−1
dσˆ
dcosθ
dcosθ(sˆ)
Now, the production of an exotic neutrino can be studied through the analysis of the charged current reaction of
the type pp→ qq¯′ → L+N , involving the exchange of a W± boson in the s channel. The subprocess cross section is(
dσˆ
d cos θ
)
LN
=
βα2π|Vpm|2
16 sin θ4W s(s−M2W )2
[
(M2LM
2
N − (s− t+ u)t)(gLNV + gLNA )
+MLMNs(g
LN
V
2 − gLNA
2
) + (t− u)s
2
(gLNV − gLNA )2
]
, (6)
3
where β, t and u are, respectively,
βN,L =
[(
1− (MN+ML)2s
)(
1− (MN−ML)2s
)]1/2
1± M2N−M2Ls
,
t = M2N −
s
2
[(
1 +
M2N −M2L
s
)
−
((
1− (MN +ML)
2
s
)(
1− (MN −ML)
2
s
))1/2
cos θ
]
,
u = M2N −
s
2
[(
1 +
M2N −M2L
s
)
+
((
1− (MN +ML)
2
s
)(
1− (MN −ML)
2
s
))1/2
cos θ
]
,
Vpm are the matrix elements of CKM and MW is the mass of the gauge boson. Folding the proton structure functions
with the elementary cross section above, we obtain
σNL(s) =
∫ 1
τmin
∫ − ln√τmin
ln
√
τmin
dτ dy q(
√
τey, Q2) q(
√
τe−y, Q2) σˆNL(τ, s) . (7)
The process for the heavy lepton production in hadronic colliders was well studied in the literature [17] and was
shown that the dominant contributions are the well known Drell-Yan process and gluon-gluon fusion [18,17].
We present in Fig. 1 the cross sections for the process pp → qq → L−L+, involving the three models considered
here: VSM, VDM and FMFM, for the LHC (14 TeV), using the mechanism of Drell-Yan. In all calculations we take
sin2θW = 0.2315,MZ = 91.188 and MW = 80.419. For a planned LHC integrated luminosity of 10
5pb−1/yr and taking
the mass of the lepton equal to 200 GeV, we have a total of 175 · 102 exotic lepton pairs produced per year for the
VSM, 548 · 102 for the VDM and 684 · 102 for the FMFM.
In Figs. 2 and 3 we consider LL¯ pair production with both L and L¯ decaying into leptons, that is, we have the
following subprocess
qq¯ → Z, γ → LL¯ → e¯ee¯ (ν¯ee¯νe)
We initiate our analysis by considering that the signal for L−L+ pair production will be an electron, three positrons,
neutrino and antineutrino, that is e+e−e+ ν¯ee+νe with the corresponding Z0 and W± propagators. We compare this
signal with the standard model background, such as pp → ZZ; this background can easily be distinguished and
therefore eliminated, by measuring the transverse mass of the e−e+ pair.
The numerical calculation for Figs. 2 and 3 was made in two stages, first, the total cross section for the process
pp → qq¯ → Z, γ → LL¯ was calculated, then the decay rate of the heavy leptons [19] was used, and afterwards the
product of both was taken. In these figures the distributions of pT/ and the transverse mass of the e
+e−e+ are showed.
In Fig. 4 we show the cross section production of L−L+ for the case of the Drell-Yan, elastic, inelastic and
semielastic cases, one can see that the Drell-Yan case is three orders of magnitude greater than the others mechanisms,
for mL = 100 GeV, and, for mL around 2 TeV, the Zγ inelastic process is competitive with the Drell-Yan mechanism.
We can also observe that the elastic, inelastic and semielastic production in the FMFM is one order of magnitude
greater than the results of Ref. [16].
In Fig. 5 it is shown the cross section production of exotic neutrinos together with the exotic charged lepton in
comparison with the production of the pair of exotic charged leptons. It can be seen that both figures differ little one
from another. The signal for NL± production will be five charged leptons and one neutrino, that is e−e+νe−e+e− with
the W± and Z0 propagators. By comparing this signal with the standard model background such as pp → WZZ,
we have that the WZZ production process has a clean experimental signature with W+ → e+ν, Z → e−e+ and
Z → e−e+ decays.
Figs. 6 and 7 show the distributions of pT/ and of transverse mass MT (e
−e+ν). We see in Fig. 7 a Jacobian peak
near the MT = MN . The numerical calculations of MT are made, in the same manner as above, which is defined in
Ref. [20] by
M2T (e
−e+ν) =
[
(p2eeνT +M
2
eeν)
1/2 + pνT
]2
− (~peeT + ~pνT )2 . (8)
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The discovery of a pair of heavy-leptons will be without any doubt of great importance for the life beyond the
standard model. In this work is analysed the signals and backgrounds for such particles and we can see, if we required
the production of 100 of such pairs per year for the LHC, we will be able to discover pairs of heavy-leptons with
masses up to 900 GeV. Since this number of events (100) is rather arbitrary, then it is interesting to know how the
discovery limits of mass changes, when the number of events required for establishing the signal is varied. For example
if we require 10(2000) events, the discovery limit of mass changes to 1360(350) GeV.
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FIGURE CAPTIONS
Figure 1: Total cross section for the process pp→ L+L− as a function of ML at
√
s = 14 TeV: (a) vector singlet
model (dotted line); (b) vector doublet model (dashed line); (c) fermion mirror fermion model (solid line).
Figure 2: Missing transverse momentum distributions from L−L+ production at
√
s = 14 TeV, for different exotic
leptons mass: (a) ML = 600 GeV (dot-dashed line); (b) ML = 400 GeV (dashed line); (c) ML = 200 GeV (solid line).
Figure 3: Distribution of transverse mass MT (e
+, e−, e+) from L−L+ production at
√
s = 14 Tev: (a) ML = 600
GeV (dot-dashed line); (b) ML = 400 GeV (dashed line); (c) ML = 200 GeV (solid line).
Figure 4: Total cross section for the process pp → L+L− as a function of ML at
√
s = 14 TeV for different
production mechanisms: (a) γγ elastic production (dotted line); (b) Zγ semielastic production (dashed line); (c) Zγ
inelastic production (dot-dashed line); (d) Drell Yan production (solid line).
Figure 5: Total cross section for the process pp → NL± and pp → L−L+ as a function of ML at
√
s = 14 TeV:
(a) NL± production (dashed line); (b) L−L+ production (solid line).
Figure 6: Missing transverse momentum distributions from NL± production at
√
s = 14 TeV, for different exotic
leptons mass: (a) ML = 600 and MN = 400 GeV (dot-dashed line); (b) ML = 600 and MN = 200 GeV (dashed line);
(c) ML = 400 and MN = 200 GeV (solid line).
Figure 7: Distribution of transverse mass MT (e
±, e±, ν(ν¯)) from NL± production at
√
s = 14 Tev: (a) ML = 600
and MN = 400 GeV (dotted line); (b) ML = 600 and MN = 200 GeV (dashed line); (c) ML = 400 and MN = 200
GeV (solid line).
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